Abstract. microRNAs are a small class of non-coding RNAs with a critical role in the tumorigenesis and maintenance of breast cancer through binding to the 3'-untranslated regions of target mRNAs, which causes a block of translation and/or mRNA degradation. The purpose of this study was to investigate the expression of microRNA-497 (miR-497) as well as its potential role in human breast cancer. Reverse transcriptionpolymerase chain reaction (RT-PCR) was performed to determine the expression pattern of miR-497 in breast cancer and normal breast tissues. Correlation analysis was conducted to characterize the association of miR-497 expression abnormality with pathological factors. Proliferation, cell cycle and apoptosis assays were conducted to explore the potential function of miR-497 in human MCF-7 breast cancer cells. RT-PCR and Western blot analysis were employed to validate the downstream targets of miR-497. miR-497 expression was relatively decreased in breast cancer specimens and negatively correlated with TNM stage, lymphatic metastasis, tumor size and human epidermal growth factor receptor-2 (P<0.01). On the contrary, no correlation was found with estrogen receptor, progesterone receptor and p53 status. Functional assays revealed that miR-497 suppressed cellular growth, increased the percentage of early apoptotic cells and initiated G0/G1 cell phase arrest of MCF-7 cancer cells. RT-PCR and Western blot analysis data indicated that the overexpression of miR-497 resulted in the down-regulation of Bcl-w at the mRNA and protein levels. miR-497 may serve as a tumor suppressor gene in breast cancer. The Up-regulation of miR-497 expression causes cellular growth inhibition and apoptotic enhancement, as well as G0/ G1 phase arrest, suggesting its use as a potential therapeutic target for the treatment of breast cancer in the future.
Introduction
Breast cancer, one of the most common female malignant tumors, is a leading cause of cancer mortality worldwide (1) . Genetic mutations have been demonstrated to be causative of the tumorigenesis and maintenance of breast cancer. Over the past decades, an increasing amount of evidence has shown that microRNAs (miRNAs), a small class of non-coding RNAs, play a pivotal role in breast cancer, in which they may function as oncogenes or tumor suppressor genes (2) (3) (4) . miRNAs are derived from exons of protein-coding and non-coding genes (5, 6) , and are then transcribed by polymerase II as a long primary transcript (primiR). Pri-miRNAs are further processed by Drosha, leading to the excision and release of approximately 70 nucleotide hairpin precursors termed pre-miRNAs (7) . After being exported from the nucleus by exportin-5, the pre-miRNAs are subsequently cleaved by Dicer, releasing the 22 nt miRNA-miRNA duplex, one strand of which in turn is incorporated into the RNA-induced silencing complex (miRISC), and eventually functions as a mature miRNA. The 'seed' region of the mature miRNA (nucleotides 2-8 at the 5' end of a miRNA) binds partially or completely to mRNA 3'-untranslated regions (3'-UTRs) of specific protein-coding genes (8) . miRNAs regulate their targets by directly cleaving mRNAs or inhibiting protein synthesis, which depends on the degree of complementarity with the 3'-UTR of their targets (6) . Complete complementarity between miRNAs and the 3'-UTR of their targets leads to mRNA degradation, while partial complementarity results in translation inhibition of the target protein; the latter commonly occurs in human cells (9) .
There has been a large body of evidence showing the significant difference in expression of miRNAs between breast cancer and normal breast tissues (10, 11) . These differentially expressed miRNAs are critical to the proliferation (12,13), apoptosis (14, 15) , invasion (16) (17) (18) (19) and therapy resistance (20, 21) of breast cancer. In this study, miRNAs (miRs)-497, -198, -373 and -1289 were selected for expression validation in breast cancer samples. Correlation analysis was conducted to characterize the association of miR-497 expression abnormality with pathological characteristics. miR-497 mimics were used to determine the impact of miR-497 on the proliferation, apoptosis and cell cycle of breast cancer cells, as well as to determine its downstream targets.
miR-497 induces apoptosis of breast cancer cells by targeting Bcl-w Materials and methods
Specimens. In this study, 48 pairs of breast cancer and normal specimens were collected from the Department of Breast and Thyroid Surgery of Shanghai Tenth People's Hospital, Shanghai, China. All the samples were confirmed as invasive ductal breast cancer, and no patients had received any chemotherapy or radiotherapy prior to surgery.
Cell culture. The MCF-7 breast cancer cell line used in this study was obtained from the Chinese Science Institute and grown in DMEM (Gibco, New York, NY, USA) supplemented with 10% fetal bovine serum (FBS) (Gibco), as well as 100 units of penicillin/ml and 100 µg of streptomycin/ml (Enpromise, Hangzhou, China). Cells were incubated at 37˚C in a humidified chamber supplemented with 5% CO 2 .
Real-time polymerase chain reaction (PCR) analyses. We followed the protocol of Chen et al for primer design and real-time reverse transcription (RT)-PCR (22) . The analyzed miRNAs included miR-497, miR-198, miR-373 and miR-1289. miRNAs were harvested according to the instructions of the miRcute miRNA isolation kit (Tiangen, Beijing, China). The following primers were used for the U6 small nuclear RNA, which was used as an internal control: 5'-GTCCTATCCAGT GCAGGGTCCGAGGTGCACTGGATACGACAAAATATGG AAC-3' , 5'-TGCGGGTGCTCGCTTCGCAGC-3' and 5'-CCA GTGCAGGGTCCGAGGT-3'. cDNA was generated by reverse transcription according to the instructions of the PrimeScript™ RT-PCR kit (Takara, Shiga, Japan). PCR parameters for miRNA quantification were as follows: 2 min at 95˚C, and then 40 cycles of 30 sec at 95˚C, and 45 sec at 60˚C. Total RNA was isolated using TRIzol (Invitrogen, Carlsbad, CA, USA), and cDNA was generated by reverse transcription following the protocol of the PrimeScript RT-PCR kit (Takara). Quantitative real-time PCR was performed on a 7900HT fast RT-PCR instrument (Applied Biosystems, Singapore) using SYBR-Green as the detection fluorophore. All the primers used were as follows: Bcl-w sense, CACCCAGGT CTCCGATGAAC and antisense, TTGTTGACACTCTCA GCACAC; p65 sense, GGGAAGGAACGCTGTCAGAG and antisense, TAGCCTCAGGGTACTCCATCA; Bcl-xL sense, G GT C G CAT T GT G G C C T T T T T C a nd a nt i s en s e, TGCTGCATTGTTCCCATAGAG; Bcl-2 sense, GAACTG GGGGAGGATTGTGG and antisense, CCGGTTCAGGTA CTCAGTCA; caspase-3 sense, ATGGAAGCGAATCAATGG ACTC and antisense, CTGTACCAGACCGAGATGTCA; caspase-8 sense, CCTGTCACTGTCTTGTACCCT and antisense, CCCGCAGTATCTTGCCTCC; β-actin sense, AGC GAGCATCCCCCAAAGTT and anti sense, GGGCACGAA GGCTCATCATT. The PCR parameters for relative quantification were as follows: 2 min at 95˚C, followed by 40 cycles of 15 sec at 95˚C and 30 sec at 60˚C. Each sample was tested in triplicate. The mRNA level of β-actin was used as the internal control, and gene-specific mRNA expression was normalized against β-actin expression.
Transfection assay. Cells (1x10 6 ) were added into each well of a 6-well plate and cultured with DMEM medium without serum and antibiotics. As the confluency of MCF-7 breast cancer cells reached 80-90%, miR-497 mimics and lipofect at the ratio of 1 µg:3 µl were diluted to 250 µl by DMEM medium, respectively, and incubated for 5 min at room temperature. miR-497 mimics and the lipofect dilution were gently combined and incubated for 20 min. Subsequently, 500 µl of the complexes were added to each well. After 4-5 h of incubation, DMEM medium was replaced by DMEM with 10% FBS, and all the cells were incubated at 37˚C in a CO 2 incubator for 48 h prior to further testing.
Western blot analysis. Protein samples were separated with 12% SDS-polyacrylamide gel (SDS-PAGE) and transferred onto PVDF membranes (Beyotime, Haimen, China). Immune complexes were formed by incubation of the proteins with primary antibodies (R&D Systems, Minneapolis, MN, USA) overnight at 4˚C. Blots were washed and incubated for 1 h with HRP-conjugated anti-mouse secondary antibodies (R&D Systems). Immunoreactive protein bands were detected with an Odyssey Scanning system.
Cell proliferation assay. Cell proliferation was assessed using an MTT assay kit (Sigma, Santa Clara, CA, USA). A total of 4-5 h after miR-497 mimics transfection, cells with various concentrations of miR-497 mimics were trypsinized and counted, respectively. Cells (1,000) were plated in each well of 96-well plates (BD Biosciences, Corning, NY, USA) in triplicate and incubated at 37˚C, and cell proliferation was assessed at 24, 36 and 48 h, following the instructions of the MTT proliferation assay kit. The growth inhibition rate was calculated using the following equation: growth inhibition rate = [the mean optical density (OD) of controls -the mean OD of samples]/the mean OD of controls.
Apoptosis assay. Thirty-six hours after miR-497 mimics transfection, adherent cells were trypsinized. Annexin V incubation reagent (100 µl) was prepared by combining: 10 µl 10X binding buffer, 10 µl propidium iodide (PI), 1 µl Annexin V-FITC and 79 µl deionized, distilled H 2 O. Cells were gently resuspended in the prepared Annexin V incubation reagent at a concentration of 10 5 to 10 6 cells per 100 µl. Samples were incubated in the dark for 15 min at room temperature. All the samples were processed by flow cytometry (FACSCanto™ II, BD Biosciences, USA). FACS analyses were performed at least 3 times with reproducible results.
Cell cycle assay. Cells were harvested and centrifuged at 1,200 rpm for 5 min and washed twice in PBS. Subsequently, 3.0 ml ice-cold 70% ethanol was added dropwise and cells were fixed in this final 70% ethanol solution for at least 30 min. A total of 250 µl 0.05 g/l PI staining solution was added into each sample and incubated for 30 min at room temperature and then analyzed by a flow cytometer (FACSCanto™ II, BD Biosciences). The proliferation index was calculated according to the following equation: (S+G2/M)/(G0/ G1+S+G2/M). The mock was the control groups treated with lipofect, the negative control (NC) was the control groups transfected with a short RNA sequence. The controls were not treated with miR-497 mimics.
Statistical analysis. Data were expressed as the means ± standard deviation from at least 3 separate experiments performed in triplicate. Correlations with tumor characteristics were made with Spearman analysis. For RT-PCR analyses, based on the 2 -ΔΔCt method described by Livak and Schmittgen (23), semi-quantitative analysis was used for gene quantification. As variances were not equal, the statistical differences were analyzed using a two independent sample non-parametric test (Mann-Whitney U test) and a K-independent non-parametric sample test (Kruskal-Wallis test) in MCF-7 breast cancer cells, and the null hypothesis was rejected at the 0.05 level.
Results

Underexpression of miR-497 in breast cancer.
The RT-PCR data showed that miR-497 expression was relatively reduced in the breast cancer specimens in comparison to the normal tissues, the relative expression of which was 1.181±0.779 and 14.599±5.266 (P<0.01), respectively (Fig. 1A) . Markedly, the abnormal expression pattern of miR-497 was negatively correlated with pathological stage, lymphatic metastasis, tumor size and human epidermal growth factor receptor-2 (HER-2) (P<0.01). No correlation was observed for miR-497 with estrogen receptor (ER), progesterone receptor (PR) and p53 (P>0.05). No significant expression alteration of miR-198, miR-373 and miR-1289 was found between breast cancer and normal tissues (Fig. 1B) .
Suppression of tumor proliferation by miR-497.
To explore the potential impact of miR-497 on the proliferation of breast cancer cells, miR-497 mimics were used to interfere with tumor cells at the concentrations of 25, 50, 75, 100 and 125 nmol/ l. Cellular viability and proliferation were measured following the protocol of the MTT assay kit at 24, 36 and 48 h. Compared to negative controls, miR-497 significantly repressed the growth of breast cancer cells. Suppression of cell growth by miR-497 was time-and dosage-dependent, and miR-497 at the concentration of 100 nmol/l and at 36 h showed the greatest inhibitory effect. As the concentration exceeded 100 nmol/ l, no significant alteration of the inhibition rate was observed (Fig. 2) .
miR-497 induces the apoptosis of breast cancer cells.
To examine whether miR-497 facilitates the apoptosis of breast cancer cells, MCF-7 cancer cells were transfected with 100 nmol/l of miR-497 mimics for 36 h. Flow cytometry data indicated that the elevated expression of miR-497 induced early apoptosis, compared to the lipofect-treated controls and the negative controls, and the percentage of early apoptotic cancer cells of the miR-497 treatment groups was markedly increased, which shows that miR-497 can act as an apoptosis inducer in breast cancer in vitro, P<0.01, n=3 (Fig. 3) .
miR-497 disrupts the cell cycle of breast cancer cells. As thoroughly described previously, miR-497 is capable of repressing the proliferation and promote the apoptosis of breast cancer cells. After the transfection of miR-497 mimics at the concentration of 100 nmol/l for 36 h, flow cytometry analysis revealed that the percentage of G0/G1 phase cells (76.23±1.78%) dramatically increased in the treatment groups, which was statistically higher than those in the lipofect-treated groups and negative controls (70.21±1.52%, 69.81±1.36%), and while the proportion of S-phase cells decreased (12.79±0.91%), the percentage of G2/M phase cells was not significantly altered. Furthermore, the cellular proliferation index of the treatment groups dropped to 23.76±0.62, suggesting that miR-497 can initiate G0/G1 phase arrest and that up-regulation of miR-497 expression leads to the reduction of the S-phase cells as well as the proliferation index (Fig. 4) . A B Figure 2 . The proliferation suppression rate of negative controls was 0, and with an increase in the concentration of miR-497 mimics, the suppression rate rose. miR-497 mimics at the concentration of 100 nmol/l at 36 h showed the greatest inhibitory effect. All these findings demonstrate that miR-497 inhibits the proliferation of MCF-7 breast cancer cells.
miR-497 directly targets Bcl-w.
To understand the molecular mechanisms by which miR-497 inhibits tumor cell growth and induces cell apoptosis, several members of the apoptotic pathway were selected, including Bcl-w, p65, Bcl-2, Bcl-xL, caspase-3 and caspase-8 for further determination of the possible downstream targets. Real-time PCR analysis indicated that Bcl-w expression was significantly different between the miR-497 mimics-transfected groups and lipofect-treated and negative controls, the relative expression of which were 1.004±0.109, 4.303±0.332 and 3.971±0.382, 
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respectively, while no significant alteration of p65, Bcl-2, Bcl-xL, caspase-3 and caspase-8 expression was observed (Fig. 5A) . To validate the possibility that miR-497 may target Bcl-w in breast cancer cells, we performed Western blot analysis. In concordance with RT-PCR results, Bcl-w protein expression was significantly decreased with the overexpression of miR-497, suggesting that miR-497 suppresses Bcl-w expression at the protein level. These data demonstrate that miR-497 is capable of inhibiting the growth and facilitating the apoptosis of breast cancer cells via targeting of the proapoptotic gene, Bcl-w (Fig. 5B) .
Discussion
The discovery of the first miRNA, lin-4, in Caenorhabditis elegans symbolized a new era of miRNAs. Their biogenesis, function and potential application have become active areas of research, particularly in cancer. In this study, we selected 4 miRNAs and employed RT-PCR to explore their expression patterns in breast cancer. Compared to the normal breast tissues, miR-497 expression was significantly down-regulated in the breast cancer specimens. Markedly, the miR-497 expression pattern was negatively correlated with pathological stage, lymphatic metastasis, tumor size and HER-2, and no correlation was found between miR-497 and ER, PR and p53. HER-2 is relatively underexpressed in normal breast tissue and overexpressed in 20-30% of breast cancer tissues. It has been shown that HER-2-positive breast cancer is highly metastatic, proliferative and more likely to relapse. In addition, lymphatic metastasis, higher pathological stage and positive HER-2 are connected to worse prognosis, suggesting that breast cancer patients with elevated expression of miR-497 have better prognosis, and miR-497 may turn out to be a new prognostic marker for breast cancer. Functional assays have revealed that miR-497 greatly inhibits the cellular growth, induces the apoptosis and disrupts the cell cycle of breast cancer cells. Recently, there has been a large body of evidence for the involvement of miRNAs in the apoptosis of breast cancer. miR-9-3, downregulated in breast cancer, plays a role in the p53-related apoptotic pathway (24) . miR-26b impairs the viability and triggers the apoptosis of MCF7 human breast cancer cells by targeting SLC7A11 (25) . miR-145 exhibited a pro-apoptotic effect through a death-promoting loop between miR-145 and TP53 (26) . The suppression of miR-21 by antisense oligonucleotides hindered tumor cell growth both in vitro and in the xenograft mouse model via the down-regulation of Bcl-2, which consequently increased apoptosis and decreased cell proliferation (14) .
Bcl-w, an anti-apoptotic member of the Bcl-2 family, has been demonstrated to be closely associated to cancer formation and progression (27) . To date, even though the mutation of Bcl-w has not been verified to be causative of cancer formation, there is evidence that the elevated expression of Bcl-w combined with other oncogenes contributes to tumor occurrence. Target prediction obtained from the target scan showed that the 3'-UTR of Bcl-w contained potential binding sequences complementary to miR-497. There are 3 complementary binding sites in the conserved region, and 1 in the non-conserved region, providing a theoretical basis for the target prediction of miR-497. Target validation by RT-PCR and Western blot analysis further confirmed the prediction. Similar to this study, Lin et al described that the up-regulation of miR-122 expression in hepatic cancer led to the decrease of Bcl-w mRNA and protein expression (28) .
In conclusion, given the underexpression pattern of miR-497 as well as its potential pro-apoptotic function, it may be concluded that miR-497 acts as a tumor suppressor by targeting Bcl-w in breast cancer. Therefore, the up-regulation of miR-497 artificially offers us a promising new direction for breast cancer treatment in the future.
